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DESCRIPTION 

ELECTRON BEAM EXPOSURE APPARATUS AND EXPOSURE METHOD 

5 Technical Field 

This invention relates to an exposure apparatus for use in an exposure 
process that may be one of semiconductor manufacturing processes and. more 
specifically, relates to a structure of an electron beam exposure apparatus using 
a 1:1 mask (namely, proximity mask) and an exposure method thereof. 

10 

Background Art 

Generally, in exposure apparatuses, there are a case of using light, 
particularly ultraviolet light, as an exposure light source and a case of using an 
electron beam, and the latter is widely called an electron beam exposure 

15 apparatus. The electron beam exposure apparatuses are roughly classified 
into two systems one of which is an electron beam direct writing apparatus 
adapted to directly irradiate an electron beam onto a wafer. The other is the 
system that uses a mask with a structure having an open-through pull-out 
portion shaped into a pattern to be exposed (generally called a stencil mask 

20 wherein, for example, on exposing a letter "A", if an island-like portion is 
included as shown In Fig. 4, exposure is required twice by the use of two 
masks) and irradiates an electron beam onto the mask so that the electron 
beam having passed through the pattern portion in the mask is irradiated onto a 
wafer, thereby carrying out pattern writing (exposure in the shape of the pattern). 

25 Further, the electron beam exposure apparatuses using the latter mask can also 
be roughly classified into two. One is a reduction-projection exposure 
apparatus which uses a mask having a pattern that has a size of about four 
times as compared with a pattern to be actually exposed (this is called an 
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electron beam reduction-projection exposure apparatus). As a structural 
example, like in an electron beam reduction-projection exposure apparatus 200 
shown in Fig. 2, an electron beam 22 produced by an electron gun 21 passes 
through a deflector 23 so as to be irradiated onto a stencil mask 24. The 
5 electron beam having proceeded through an open-through portion in the shape 
of a pattern in the stencil mask 24 passes through an electron lens 25 so as to 
be irradiated onto a wafer 26. That is, the pattern of the stencil mask 24 is 
reduction-projected onto the wafer 26. 

Such an electron beam reduction-projection exposure apparatus is 

10 called an EPL (Electron Projection Lithography) and shown, for example, in the 
February 2002 issue of Electronic Journal, pp. 62-^5. 

The other one of the electron beam exposure apparatuses is a 
proximity exposure apparatus using a stencil mask having a pattern equal in 
size to a pattem to be actually exposed (this is called an electron beam 

15 proximity exposure apparatus). As a structural example, like in an electron 
beam proximity exposure apparatus 300 shown in Fig. 3, an electron beam 32 
irradiated from an electron gun 31 passes through an electron lens 33, an 
aperture 34, a main deflector 35, and a strain correction deflector 36 so as to be 
irradiated onto a 1 :1 mask 37 disposed right above a wafer 38. Since the 1 :1 

20 mask 37 is a stencil mask, the electron beam having proceeded through an 
open-through portion thereof is irradiated onto the wafer 38. Thus, the wafer 
38 is pattern-exposed. 

Such an electron beam proximity exposure apparatus is widely called 
an LEEPL (Low Energy E-Beam Proximity Lithography) and shown, for example, 

25 in the December 17, 2001 issue of Nikkei Electronics, pp. 33-34. According to 
this, the stencil mask used in the LEEPL is called a quadrant complementary 
mask having a pattem portion where beams (grid) are arranged lengthwise and 
crosswise at a several mm square pitch. As a result, since beam portions 
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cannot be exposed, it is necessary to carry out overlay or stitcin exposure of four 
patterns for forming a single circuit pattern on a wafer. 

Disclosure of the Invention 
5 On the other hand, since the quadrant complementary mask is low in 

throughput, a stencil mask having no beam (sometimes called a support-free 
LEEPL mask) is proposed as shown in Fig. 5. However, in order to prevent 
warping of a wide and thin pattem portion, the pattern portion should be strongly 
stretched and fixed on a mask substrate. As a result, a time is prolonged that 

10 is required for damping of vibration generated at the pattern portion at the time 
of setting the mask or the like so that a wasteful stopping time occurs up to the 
start of exposure, and therefore, the throughput cannot be increased. 

Further, even if the pattern portion is strongly stretched close to the 
destruction limit, the warping cannot be reduced to zero theoretically and, 

15 therefore, it is not possible to narrow a gap between the mask and a wafer to 
less than a certain value. As a result, exposure blur, which is caused by 
spreading of an electron beam having proceeded through the mask until it 
reaches the wafer, cannot be reduced to less than a certain level. 

An object of this invention is to provide an electron beam proximity 

20 exposure apparatus that can fix a 1:1 mask used in the apparatus, particularly 
the mask having no beam, without strongly stretching a pattern portion thereof. 

For accomplishing the foregoing object, in an electron beam proximity 
exposure apparatus of this invention, a 1:1 mask and a wafer are arranged so 
as to be substantially vertical. In other words, according to this invention, there 

25 is obtained an electron beam proximity exposure apparatus wherein a 1:1 mask 
and a wafer are arranged so as to be parallel to the gravity direction. 
According to this structure, a pattem portion of the 1:1 mask does not warp at 
all and, therefore, it is not necessary to strongly stretch the pattem portion of, 
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particularly, even the mask having no beam. Further, a gap between the mask 
and the wafer can be further reduced. 

Brief Description of the Drawings 
5 Fig. 1 is a schematic structural diagram showing a structure of an 

electron beam proximity exposure apparatus according to an embodiment of 
this invention. 

Fig. 2 is a diagram showing a structure of an electron beam 
reduction-projection exposure apparatus. 
10 Fig. 3 is a diagram showing a structure of a conventional electron beam 

proximity exposure apparatus. 

Fig. 4 is a perspiective view showing a pattern portion of a general 
stencil mask. 

Fig. 5 is a sectional view showing a structure of a general stencil mask. 
15 Fig. 6 is a sectional view showing a structure of a stencil mask of this 

invention. 

Best Mode for Carrying Out the Invention 

Hereinbelow, an embodiment of this invention will be described with 

20 reference to the drawings. 

Fig. 1 is a diagram showing a structure of an electron beam proximity 
exposure apparatus 100 according to the embodiment of this invention, wherein 
the structure is similar to the conventional electron beam proximity exposure 
apparatus 300 shown in Fig. 3 but is laid sideways. An electron beam 2 

25 irradiated from an electron gun 1 proceeds substantially horizontally and passes 
through an electron lens 3, an aperture 4, a main deflector 5, and a strain 
correction deflector 6 so as to be irradiated onto a 1:1 mask 7 disposed 
immediately before a wafer 8. Since the 1 :1 mask 7 is a stencil mask, the 
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electron beam having proceeded through an open-through portion thereof is 
irradiated onto the wafer 8. Thus, the wafer 8 is pattern-exposed. The wafer 
8 is fixed to a vertical stage 9 and. therefore, the 1:1 mask 7 and the wafer 8 are 
fixed vertically. The wafer 8 can move left and right and up and down in the 
5 vertical stage 9. An interval between the wafer 8 and the mask 7 may be set to 
a known distance. 

In this embodiment, since the 1 :1 mask 7 is vertically arranged in the 
electron beam proximity exposure apparatus 100, Its pattem portion is not 
subjected to warping due to gravity. As a result, the gap between the 1:1 mask 

10 7 and the wafer 8 can be narrowed to no more than 10 microns which is smaller 
than conventional by several times. According to this structure, blur, which is 
caused by spreading, in the gap, of the electron beam irradiated onto the wafer 
8, is also suppressed to a factor of several. 

Further, as a result of the 1 :1 mask 7 not being subjected to warping 

15 due to gravity, it is not necessary to strongly stretch its pattern portion. 

Consequently, it becomes possible to use, as the 1 :1 mask 7, a stencil mask 
600 having a membrane 62 as shown in Fig. 6. That is, this is because even 
the very thin membrane 62 can be used without breakage. According to this, 
even an island-like pattern, which cannot be exposed by one-time exposure 

20 with a normal stencil mask shown in Fig. 5, can be exposed by one-time 
exposure. Since a materia! such as diamond-like carbon, which has high 
strength and can be made thin, can be used as a material of the membrane 62, 
it is possible to form a stencil mask that is very thin and yet has high strength. 
In the embodiment, the mask 7 and the wafer 8 are held so as to be 

25 vertical. However, even if they are inclined from vertical by about ±1 0° (this is 
also included in' "substantially vertical" in this invention), it is possible to largely 
prevent warping of a 1 :1 mask. Likewise, the electron beam 2 may also be 
caused to proceed so as to be inclined from horizontal by about ±10°. 
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As described above, in this invention, it is not necessary to strongly 
stretch the pattern portion of the 1 :1 mask having no beam. As a result, the 
pattern portion is not subjected to vibration and, therefore, the exposure can be 
started immediately after the mask has been set. 
5 Further, since it is not necessary to strongly stretch the pattern portion 

of the stencil mask, the very thin membrane can be bonded to the pattem 
portion. Thus, even when, for example, the acceleration voltage of an electron 
beam is as low as several kV like in the LEEPL, it is possible to use a mask 
called a membrane mask and carry out pattern formation by one-time exposure 
10 even in the case of a doughnut-shaped pattern. 

Moreover, since the pattern portion does not warp at all, the gap 
between the mask and the wafer can be further reduced so that it is possible to 
suppress blur of the electron beam after having passed through the mask. 



